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Abstract
If building projects are going to be sustainable in the future, we need to use sustainability as a criterion for choice of concepts.
The evaluation of projects needs to address more aspects than just the properties of single buildings. In this paper, the new
evaluation model NTNU SBP is presented, for the evaluation of the whole urban planning situation including the neighbourhood
and the transport infrastructure. The model has the potential to help practitioners achieve better results in terms of real
sustainability in urban planning. The successful use of the NTNU SBP model may lead to more conscious choices in urban
planning and a more sustainable community.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
We are living in a world facing climatic changes at an ever faster pace due to the anthropogenic emission of greenhouse gases.
In order to mitigate these climatic changes and reach sustainability, we need to transform our industries towards zero emissions
of greenhouse gases. The architecture, engineering and construction (AEC) industry is the key industry in the mitigation of
climate change, the industry is alone responsible for 30-40% of the anthropogenic greenhouse gas emissions (UN, 2009).
A large part of the industry’s activities is related to the planning and construction of building projects in urban environments.
Unlike other consumer products, buildings typically have a functional service life over 100 years. Thus, where and how these
buildings are constructed has significant effects on the future sustainability of urban areas.
It is a long time since 1987, when the term “sustainable development” was defined by the Brundtland Report (WCED, 1987):
"development that meets the needs of the present without compromising the ability of future generations to meet their own
needs." This report and its definition has proved very influential and has been a platform for policy development ever since.
However, the definition caused problems by being wage and difficult to translate into measurable metrics. Thus giving rise to a
plethora of different frameworks and indicators. Our approach is that we believe that is there is a limited action space for the
support of human activities (Meadows et al 1972).  Of the many limitation mankind is about to face, we agree with IPCC (2014)
and  others  that  global  warming  is  the  most  immediate  threat  to  a  sustainable  future.  Global  warming  is  caused  by  a  lack  of
carbon sinks, and thus a limit to our consumption of energy from fossil fuel. In other words, we have a waste handling or “self-
pollution” problem.
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However, the identification of global warming as the most immediate threat makes it possible to operationalise sustainable
development, also within the Brundtland definition. Further, we have identified the AEC industry as a potential key game
changer. Most humans already live in or near cities, and more will do so within the next years (UN, 2014). Thus, Near Zero
Building Projects in Urban Planning is a necessity in order to reach sustainability (Høyer & Næss, 2008; Bohne & Solli, 2011).
How can we know if a project is successful? Following the Brundtland definition, a project must be environmental, social and
economical in order to be sustainable. This means that not only must a building project be near zero in energy consumption and
emission, it must also be socially attractive and economical viable.
Smyth (2013) pointed out that construction majors are compliance driven, rather than proactive developers. This limits the
AEC industry’s ability to act as game changer. Thus, we assume that the industry needs more knowledge, mature policies and
better tools to lead the development onto a sustainable track. We would like to contribute to this.
Traditional assessment tools such as BREEAM and LEED emphasise some of the ambitious ecological targets with regard to
climate change. However, such tools focus on energy efficiency gains in compliance with current rules and regulation. They refer
but do not emphasise the non-technical dimension of organisational, social and behaviour and do not consider the diversification
of stakeholders involved (du Plessis & Cole, 2011; Kallaos &  Bohne, 2013; Schweber, 2013; Schweber & Leiringer, 2012). This
way of thinking is widespread and follows the old Scandinavian proverb: “Many small creeks make a big river”, suggesting that
all small contributions will make a difference but this is not necessarily the case. The reality is more like: “If everybody does a
little bit, little is done” (Albert Einstein). In the case of climate change, we need a reduction in greenhouse gas emissions of more
than 90% within 2100 in order to stay below a 2-degree increase in average global temperature (IPCC, 2014).
So with regards to building projects, what we need is a systematic way of assessing the project’s performance and success
criteria to evaluate against. In this paper, we propose an evaluation framework that enables a dynamic capabilities approach and
addresses some of the gaps left by existing tools. The OECD model for evaluation of development programs and projects called
the OECD Integrated Evaluation Model (OECD, 2006) was the starting point of this development. It is based on the five success
criteria as follows:
• Efficiency: A measure of how economically resources/inputs (funds, expertise, time, etc.) are converted to results.
• Effectiveness: The extent to which the development intervention’s objectives were achieved, or are expected to be
achieved, taking into account their relative importance.
• Impact: Positive and negative, primary and secondary long-term effects produced by a development intervention, directly
or indirectly, intended or unintended.
• Relevance: The extent to which the objectives of a development intervention are consistent with beneficiaries’
requirements, needs, priorities and the policies of partners and donors.
• Sustainability: The continuation of benefits from a development intervention after major development assistance has been
completed.
The OECD model also includes six cross cutting issues which should be considered for each of the five criteria. These are
Economic and financial aspects, Institutional aspects, Societal aspects, Technological aspects, Environmental aspects and Policy
support measures (Samset, 2010).
The work behind this paper was initiated due to a need for an evaluation model that addresses more aspects than just the
properties of single buildings. Thus, the purpose of this work has been to identify strengths and weaknesses of using existing
evaluation models for overall sustainability of building projects and suggest an alternative that takes the next step towards more
conscious choices in urban planning.
2. Methodology
We started our work with a literature study. Not surprisingly, the literature study revealed an extensive literature on different
aspects of evaluation of sustainability. As commented by Hacking and Guthrie (2008:74), ‘[a] difficulty when considering
assessment and SD [sustainable development] is not the scarcity of literature, but rather the vast quantity’. There is a plethora of
indicators and evaluation frameworks to choose from. Our approach was to simplify the process of evaluating sustainability, by
adapting a well proven framework with as few as possible indicators, while at the same time assessing the overall sustainability
of complex projects. The model was desk tested against known case-projects and then finally introduced into real life situations.
The authors deliberately chose to start with a wide array of different projects to make sure we address all major practical
issues in the use of the model right from the start. Case 1 is a recently completed and known to be outstanding building project in
terms of sustainability performance. Case 2 is an established building in operation and assumed to be in sharp contrast to Case 1.
Case 3 is an ambitious building project still in the early stages of execution.
All three case studies were completed with document studies, one interview for each of the three cases and finalized through
an evaluation report. The document studies were based on documents we got from our interviewees, and were executed in order
to find facts about the cases. For the interviews in Case 1, one of the authors met a representative for the project owner in person
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and the other two authors participated by phone. For Case 2, two of the authors met the owner representative. For Case 3, two of
the authors carried out the interview of two owner representatives by video link. The quality of the interviews may have been
better if they were carried out in similar manner, but since the cases had totally different locations, it would have been quite
costly and time consuming if all authors should have met the interviewees personally. The negative effects of using video link
and phone were reduced since the authors had met the interviewees personally at earlier occasions. After the interviews were
finished, we made an evaluation report for each of the three cases. This report was sent back to the interviewees for comments
and confirmation to make sure the characteristics of the project was accepted as adequate.
3. Model development
NTNU SBP was developed as a response to the need to evaluate very energy efficient building projects from a more holistic
perspective. The first discussions on the model were initiated in relation to the case studies in IEA SHC Task 51 (Solar Heating
& Cooling Programme - Task 51:  Solar Energy in Urban Planning). As the topic of Task 51 is solar energy in urban planning, it
was evident that the evaluation of the projects needed to address more aspects than just the properties of single buildings. Due to
the scale and complexity of an urban planning project, it is also important to include issues such as transport, waste, impacts on
the surrounding infrastructure, and user behaviour and satisfaction.
An important aspect of the case studies in Task 51 is the explicit learning objective and the use of action research
methodology. The cases should be used as learning arenas, where urban planning processes can be developed and tested. It was
therefore important to use an iterative evaluation method, where the same building project could be evaluated at several points of
time in the development process, and the result used as feedback to the project itself, as well as across projects.
It was concluded that existing evaluation methods would not catch all of these aspects, and that a new model would have to be
developed. The OECD model was used as a starting point since it is a well proven international evaluation model for assessing
projects (development interventions) in a wide perspective. It has the potential to cover all aspects of a project’s consequences,
but is both too complex and too general to be directly implemented in Task 51. No other available models seemed to have better
potential as a skeleton for the assessments we intended to do. Therefore, we decided to design a new evaluation model, building
on key elements of the OECD-model.
The original OECD model was discussed in a cross-disciplinary group of eight researchers at NTNU in the fields of
engineering, architecture and urban planning. The overarching criteria in the OECD model (efficiency, effectiveness, impact,
relevance and sustainability) were kept, while new sub-criteria substituted the original cross-cutting issues to better reflect the
specific areas of interest in a building project. Feedback was then collected from the Norwegian project working group of Task
51, which included both researchers and representatives from the building project owners. The model was subsequently
discussed during a workshop in the international project working group of Task 51. The international workshop included
approximately 25 persons – working as researchers and professionals – in the fields of engineering, architecture and urban
planning. Finally, the sub-criteria were further developed by the group of researchers at NTNU. Development of the first
operational model was based on desk-testing against projects we had prior knowledge of.
An important factor in the model development was the usability. Even though the model was intended to capture many
aspects of the project, it is important that it should be easy to use for the persons who were to perform the actual data collection.
We discussed the use of weighting of each sub-criterion in the model. The model can easily handle it, but the base setting is that
all sub-criteria are weighted = 1 in order to make it easy to use. Obviously this is also a use of weighting, but the intention is to
keep the model as simple and generic as possible. Weighting beyond this equal weight is for each decision maker in the current
version. The next step was taking the preliminary model out into real life projects for testing in the three cases. During this
testing the definition of the sub-criteria and the formulation of the questions in the model were continuously debated and
improved. The resulting evaluation model is presented in Appendix A.
The model has five main columns, representing the OECD criteria efficiency, effectiveness, impacts, relevance and
sustainability. For each of the five columns, there are seven sub-criteria on which we give the project performance a score 0, 1 or
2. When a case perform according to minimum national requirements, we give it the score 0. When it perform better than the
minimum requirements, but potentially could have achieved better, we give it the score 1. In order to get this score, some
additional investments or measures need to be made. In order to get the score 2, the project must have ambitions that are high
enough to really make a difference. The maximum total score for each of the five OECD criteria is fourteen and the minimum is
0. Having found a functional form, we took the model to the first real test: evaluating three real life projects.
Accompanying the model itself is a guideline to how the model should be used in evaluating situations and how a group
process is best planned and facilitated to handle the complexity and subjectivity. This is based on guidelines for uncertainty
analyses (Klakegg, 1993) and accumulated experience by NTNU Department of Civil and Transport Engineering over more than
20 years.
There is still too little empirical experience to vouch for the practical qualities of the method in different settings or over time.
The model is still under development.
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4. Results of test evaluations
In each of the three cases, we performed the interviews and entered the real data into the model. We then asked for the project
representatives’ opinions on the usability of the NTNU SBP model. In general,  their feedback was that the evaluation model is
suited for overall evaluations since it includes criteria that are not covered by other models. It even seems to be suitable for self-
assessment. Since the model does not go into detail on all relevant sustainability issues, it should not be used alone. The project
should be supported by other building sustainability evaluation models like BREEAM to document performance. The
representatives considered use of the model as beneficial in an early phase, through planning and design, during construction and
also in use.
Used in an early phase, the assessment is focusing the intended, planned, supplied and delivered qualities of the project result.
A basic assumption in the model is then that the project will be financed, decided and – if so – delivered by the agreed/planned
scope. If used in a late phase, preferably in operations, the focus is on actually achieved performance. When used in a late phase,
the sub-criteria also cover unintended – both positive and negative – qualities. In the current version all criteria is formulated in
retrospect. Thus the evaluator needs to be able to reinterpret and rephrase the sub-criteria as the evaluation commence depending
on the phase.
Each main criterion is focusing a specific aspect of the project (situation or phase) and a specific perspective, as shown in the
bottom of Table in Appendix A. This indicates the intention of evaluating the projects ability to be sustainable in all perspectives,
ranging from the perspective of the executing party, the users, other stakeholders and society as a whole. Based on the
aggregated score on each of the five OECD criteria the evaluation score for each of the cases can be visualized in a spider
diagram, as shown in Fig. 1.
Fig. 1. Project sustainability scores for Case 1, 2 and 3.
We deliberately chose a wide array of different projects. Case 1 is a recently completed and known to be outstanding building
project in terms of sustainability performance. Case 2 is an established building in operation and assumed to be in sharp contrast
to case 1. Case 3 is an ambitious building project still in the early stages of execution.
Case 1 aimed at BREEAM Excellent certification in Energy Class A. The owner wanted to have Norway’s most climate
friendly refurbished office building. As it can be seen from the spider diagram, it has a high score on all five OECD criteria. It
could have achieved higher score on Effectiveness, where the project is considered from the users’ perspective. The ambitious
aim of achieving Energy Class A may have overshadowed the needs of the users. Even though the owner built  a really climate
friendly building, the NTNU SBP Model indicates that the evaluator and interviewee did not give it full score on all criteria.
Case 2 is an office building that has been in use for forty years. A new floor was built on top of the old building
approximately ten years ago. The ten year old roof has been repaired after water leakages several times. Former users claim that
the indoor climate contains health damaging concentrations of mould fungus, so they have moved to another building. The
temperature and air quality during summer are – according to the users – at levels that make it impossible to concentrate. This list
of troubles could be made more extensive, but the main point here is that the building is known for periodically low efficiency.
Except from that, it appears as a quite ordinary building with no exceptional qualities and thereby it achieves low score on
impact. The high scores on sustainability, effectiveness and relevance was surprising to some. The high score on sustainability is
given because the building is totally in line with the long term strategy of the project owner. The users have easy access to public
buses,  a  local  train  station  and wardrobe  facilities  that  can  be  used  by cyclists.  Even though the  users  sweat  during  summer  –
causing  the  building  to  miss  top  score  on  effectiveness  –  it  is  generally  suited  for  their  activities.  Case  2  also  proved  to  be
relevant, since it has adapted to changed categories of users and at same time the number of users has increased significantly. It
has – according to the owner representative – quite flexible interior.
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At the time of evaluation, the construction phase had just started for the apartment building in Case 3. The project will result
in the highest wooden house in the world with its 14 floors. The developer consider wood to be an environmentally friendly
building material with a large potential, which is not yet fully exploited. The ambition is a passive house standard. Case 3 got a
relatively high score on all the five OECD criteria, partly thanks to their development of new wooden materials and modules.
The owner has spent time and money on the development of the knowledge and solutions that others can benefit from in future
projects.
5. Conclusion
The NTNU SBP Model presented in Appendix A – based on OECD’s Integrated Evaluation Model – has been developed in
order to be able to evaluate the overall sustainability of building projects. The five evaluation criteria cover the relevant
perspectives, and for all the five OECD criteria we have developed seven new sub-criteria.
In order to identify the strengths and weaknesses of using this customized version of OECD’s Integrated Evaluation Model,
we have evaluated the three cases. Case 1 is a recently completed and known to be outstanding building project in terms of
sustainability performance. Case 2 is an established building in operation and assumed to be in sharp contrast to Case 1. Case 3 is
an ambitious building project still in the early stages of execution. The NTNU SBP model credited Case 1 for the positive
measures they had implemented to compensate their neighbours for the negative impacts during the construction process that
were not credited by the other evaluation models formerly applied to this case. Case 2 was credited for being in line with the
owner’s long term strategy, having organised for bicycling and the use of public transport, being flexible for changes in use, etc.
Case 2 was known for the low efficiency, but performed quite well on the other OECD criteria. It was not performing as poorly
compared to Case 1 as initially expected. Similar to Case 1, the NTNU SBP model credited Case 3 for the measures that were not
credited  by  the  other  evaluation  models.  The  most  apparent  measure  was  that  the  owner  spent  much  time  and  money  on  the
development and testing of the new wooden materials and building modules, which can be proven beneficial in future projects.
The project was credited for taking the development costs for the projects belonging to the other owners adding value from the
society’s perspective. The testing indicates that the model is working and has potential to become a practical tool.
The strengths of the NTNU SBP Model are that it  evaluates the sustainability of buildings from several perspectives, and it
considers how a project interacts with its surroundings. Projects are not isolated, but parts of a larger society. A project result can
be very successful seen from the executing party’s perspective, without being successful from the society’s perspective. Vice
versa, it can be successful from the society’s perspective without being good in the executing party’s perspective. Evaluating
projects from only a pure economical perspective or pure environmental perspective is not sufficient. The NTNU SBP Model
aims at considering all relevant perspectives and help achieving a balance between them.
The weakness of the model is that the evaluations are vulnerable for the subjective assessments of evaluators and it is difficult
to keep all aspects completely apart. This may lead to a double count of scores for some measures, and following from that the
allocated scores will not be perfect. This may lead to biased evaluation results, but this can happen anyway as long as the
evaluation is only concentrating on the easy-to-measure criteria. We have experienced that asking questions from a variety of
distinct positions and with specific angles gives the best results.
In summary, the OECD model (OECD 2006) along with the interface methods of interviews, observations and quality
analysis helps to gain an integrative perspective amongst diverse stakeholders involved in potentially sustainable building
projects which incorporates technical and non-technical dimensions. All results are fed back to project stakeholders which makes
explicit where capabilities lie and what needs to be changed to adapt to a dynamic environment. The framework is expected to
occur in the early, interim and later stages of targeted building projects to enable learning within and across projects as well as
the capturing of dynamic capabilities in action and their enactment. Thus, capabilities are outlined in these projects which can
facilitate the replicability of successful practice.
The model has the potential to help practitioners achieve better results in terms of real sustainability in urban planning. The
successful use of the NTNU SBP model may lead to more conscious choices in urban planning and a more sustainable
community. This would in turn potentially lead to better living conditions and contribute to a more sustainable community. For
planners and other practitioners, the model presented here may give a valuable new tool for more sustainable planning and
improved decision making. For academia, this paper represents a documented development process that may assist future model
development.
We consider the model as ready for use as a beta-version, but we expect further improvements and adjustments to be
necessary as we gain more experience. In order to make the NTNU SBP model accessible for other users and to gather more
experience with its use value, our plan is to adapt the spreadsheet to a web-based model. In the future, building project owners
will have the opportunity to evaluate their projects and get an immediate comparison with other projects. From this, they can see
how their projects perform in the overall perspective. Even more importantly, they can identify measures necessary to improve
their sustainability performance in a wider perspective and more balanced than with the previous models.
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Appendix A. The NTNU SBP Model
The evaluation table with the five OECD Criteria, efficiency, effectiveness, impacts, relevance and eustainability, and their
respective sub-criteria (evaluation questions).
